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We have previously shown that the yeast Cathepsin D (CatD) Pep4p translocates from the vacuole to
the cytosol during acetic acid-induced apoptosis and is required for efﬁcient mitochondrial degra-
dation, though its speciﬁc role in this process is still elusive. Here, we show that the protective role
of Pep4p in acetic acid-induced apoptosis depends on its catalytic activity and is independent of the
yeast voltage-dependent anion channel Por1p (which has no role onmitochondrial degradation) but
dependent on AAC proteins, the yeast adenine nucleotide translocator. Our results demonstrate a
differential interplay between yeast vacuolar CatD andmitochondrial proteins involved in apoptosis
regulation.
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction We have previously shown that exposure to acetic acid inducesYeast is currently a well-established eukaryotic model organism
used in the elucidation of molecular mechanisms underlying apop-
totic pathways. Like in mammalian apoptosis, mitochondrial outer
membrane permeabilization (MOMP) is a key event in this process
due to the release of pro-apoptotic factors like cytochrome c, apop-
tosis inducing factor (AIF), and EndoG [1–3]. In addition to mito-
chondrial destabilization, lysosomal permeabilization has also
been shown to initiate a cell death pathway in mammalian cells,
under speciﬁc circumstances. Furthermore, it was established that
the extent of lysosomal damage determines cell fate; limited lyso-
somal release results in cell death by apoptosis, while massive lyso-
somal breakdown leads to necrosis [4]. Studies in mammalian
systems indicate that selective lysosomal membrane permeabiliza-
tion (LMP) and subsequent release of cathepsins or other hydro-
lases induce apoptosis through a mitochondria-dependent
pathway [4–6]. However, the molecular mechanisms triggered by
LMP, as well as the signaling to mitochondria remain to be clariﬁed.an apoptotic phenotype in yeast, involving MOMP and release of
cytochrome c and AIF [2,3]. Additionally, we addressed the contri-
bution of yeast orthologs of several mammalian permeability tran-
sition putative pore components in MOMP and cytochrome c
release. While deletion of POR1 (yeast voltage dependent anion
channel) enhances apoptosis triggered by acetic acid, absence of
ADP/ATP carrier (AAC) proteins, orthologs of the adenine nucleo-
tide transporter, protects cells exposed to acetic acid and impairs
MOMP and cytochrome c release [7]. Several studies have now re-
vealed the vacuole is also involved in yeast cell death. Rny1p, an
RNase T2 family member, is released from the vacuole into the
cytosol during oxidative stress, directly promoting cell death [8].
In addition, Pep4p (yeast CatD), a pepsin-like aspartic protease
found in the yeast vacuole and ortholog to human Cathepsin D
(CatD), translocates from the vacuole to the cytosol during H2O2
[9] and actin cytoskeleton destabilization-induced apoptosis [10].
In the ﬁrst case, it was shown that Pep4p is released without major
vacuolar rupture and is involved in degradation of nucleoporins.
Recently, we found that Pep4p also translocates to the cytosol dur-
ing acetic acid-induced apoptosis involving a selective vacuolar
membrane permeabilization typical of apoptotic death, as acetic
acid-treated cells preserved both vacuolar and plasma membrane
integrities [11]. These results suggest that Pep4p could have a role
in apoptotic cell death similar to that of human CatD, which when
released from the lysosome into the cytosol often triggers
a mitochondrial apoptotic cascade. In contrast, deletion and
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resistance to acid acetic, respectively [11], indicating a function
in cell protection rather than in the execution of cell death. It
should however be noted that human CatD can have both pro-
and anti-apoptotic effects depending on cellular type and context
[12,13]. It has also been shown that PEP4 deletion enhances both
apoptosis and necrosis during chronological aging [14]. It has thus be-
come apparent that the vacuole/lysosome is intrinsically connected
with modulation of programmed cell death through CatD release.
Another major function of the lysosome in the apoptotic process
is its involvement in mitophagy/autophagy. Indeed, degradation of
mitochondria during apoptosis is a widespread phenomenon.
Though removal of mitochondria is mainly mediated by these pro-
cesses, it still occurs normally in cells where autophagy is abro-
gated, implying the existence of alternative pathways.
Mitochondrial degradation has also been reported in yeast cells
undergoing apoptosis [15–17]. Recently, we showed that, once in
the cytosol, Pep4p plays an important role in mitochondrial degra-
dation through an autophagic-independent process [11]. Indeed,
depletion and overexpression of Pep4p delayed and enhanced
mitochondrial degradation in response to acetic acid, respectively
[11]. We also showed that AAC proteins are required for efﬁcient
mitochondrial degradation during acetic acid-induced apoptosis,
but that Pep4p is still released from the vacuole in AAC-deleted
cells [11]. These ﬁndings indicate that degradation of mitochondria
depends on the mitochondrial AAC proteins in a step downstream
of Pep4p release. Nevertheless, the molecular role of Pep4p in
mitochondrial degradation and its involvement in the course of
apoptosis have yet to be established.
In this study, we sought to further investigate the interplay be-
tween the vacuole and the mitochondria during acetic acid-in-
duced cell death. For this purpose, we assessed whether the
increased sensitivity of PEP4-deleted mutants to acetic acid de-
pends on two mitochondrial proteins we previously implicated in
this process, Por1p and AAC proteins. We found that Pep4p and
Por1p function independently, as absence of both PEP4 and POR1
resulted in increased sensitivity to acetic acid than either individ-
ual mutation, and that Por1p does not play a role in mitochondrial
degradation. In contrast, deletion or overexpression of Pep4p had
no effect on the viability of an AAC-deﬁcient strain, indicating that
Pep4p function depends on the presence of AAC proteins. In addi-
tion, we show that the anti-apoptotic function of Pep4p depends
on its proteolytic activity. These results shed more light on the role
of yeast CatD in mitochondrial degradation and its consequence for
cell survival. Whether human CatD also plays a role in mitochon-
drial degradation, which could underlie its anti-apoptotic function,
remains to be determined.2. Materials and methods
2.1. Strains and plasmids
Saccharomyces cerevisiae strains used are listed in Table 1.
pep4D and aac1/2/3Dpep4D mutants were constructed in W303-
1A and JL1-3D2D3, respectively, by homologous recombination
using a PEP4::kanMX4 disruption cassette ampliﬁed from the
respective Euroscarf deletion strain by PCR. The kanMX4 cassette
in a POR1::kanMX4 strain (Euroscarf) was replaced with URA3 by
transformation with a kanMX4::URA3 cassette. After selection of
uracil-resistant, G418-sensitive colonies, a fragment containing
POR1::URA3 was ampliﬁed by colony PCR and transformed into
W303-1A and W303-1A pep4D strains to obtain por1D and
pep4Dpor1D mutants, respectively. Correct integration of the cas-
settes was conﬁrmed by PCR.W303-1A, pep4D, por1D and pep4Dpor1D strains were trans-
formed with the pYX232-mtGFP vector for mitochondrial degrada-
tion studies.
The aac1/2/3D strain was transformed with the empty vector
(pDP34) and the pDP34-PEP4 vector for wild type Pep4p (WT-
Pep4p) overexpression.
The aac1/2/3Dpep4D mutant was transformed with the empty
vector (pRS314) and the pRSop1 vector expressing a R96Hmutated
form of Aac2p (op1).
The W303-1A strain was transformed with the empty vector
(pESC) and the pep4D strain was transformed with the empty vec-
tor (pESC), pESC-PEP4 and pESC-DPM plasmids for WT-Pep4p and
double point mutant (DPM-Pep4p) expression, respectively.
All transformations were performed by the lithium acetate
method.
2.2. Growth conditions and acetic acid treatment
Strains were grown in synthetic complete medium [SC; 0.67%
(w/v) yeast nitrogen base without aminoacids, 2% (w/v) glucose,
0.14% (w/v) drop-out mixture lacking histidine, leucine, trypto-
phan and uracil, 0.008% (w/v) histidine, 0.04% (w/v) leucine,
0.008% (w/v) tryptophan and 0.008% (w/v) uracil] to early expo-
nential phase (OD600nm = 0.5–0.6) at 30 C in an orbital shaker at
200 rpm, with a ratio of ﬂask volume/medium of 5:1. Strains trans-
formed with plasmids were grown in the same medium but with-
out the appropriate amino acids. For strains carrying a pESC
plasmid, 2% galactose (SCG) was used for induction of expression.
For acetic acid treatment, strains were cultured under the condi-
tions described above, harvested and suspended in SC or SCG at
pH 3.0 (set with HCl) containing 120 mM of acetic acid and incu-
bated for 200 min at 30 C, in an orbital shaker at 200 rpm. Cell via-
bility was measured as a percentage of colony forming units (c.f.u.)
on YPD agar plates.
2.3. Propidium iodide staining
Plasma membrane integrity was assessed by ﬂow cytometry
using propidium iodide (PI) (Sigma–Aldrich) staining. Acetic acid-
treated cells were harvested by centrifugation, resuspended in
500 ll PBS (80 mM Na2HPO4, 20 mM NaH2PO4 and 100 mM NaCl)
and incubated with 5 lg/ml PI for 20 min in the dark. Cells with
red ﬂuorescence [FL-3 channel (488/620 nm)] were considered to
contain plasma membrane disruption.
2.4. DHE staining
ROS production was quantiﬁed by ﬂow cytometry using dihy-
droethidium (DHE) (Molecular Probes, Eugene, USA) staining. Ace-
tic acid-treated cells (120 mM) were harvested by centrifugation,
resuspended in 500 ll PBS and incubated with 5 lg/ml DHE for
30 min in the dark. Cells with red ﬂuorescence [FL-3 channel
(488/620 nm)] were considered to accumulate superoxide anion.
2.5. Mitochondrial degradation
Mitochondrial degradation was determined by ﬂow cytometry
using cells transformed with a plasmid expressing mitochondrial
GFP (pYX232-mtGFP). The percentage of cells that still exhibit
mtGFP ﬂuorescence after exposure to acetic acid (120 mM) was
determined in biparametric histograms [ratio (FL-1 area (log)/FS
(log))  GFP ﬂuorescence (FL-1 peak)] to eliminate variations in
ﬂuorescence due to cell size and to discriminate between the cells
with intense spots of mitochondrial-GFP and GFP resultant from
mitochondrial degradation.
Table 1
List of S. cerevisiae strains used in this study.
Strain Genotype Reference/
source
W303-1A MATa, ura3-1, trp1-1, leu2-3,
112, his3-11,15 ade2-1, can1-100
R.Rothstein
pep4D W303-1A pep4:: kanMX4 This study
por1D W303-1A por1:: URA3 This study
pep4D por1D W303-1A pep4:: KanMX4 por1::
URA3
This study
W303-1A pYX232-mtGFP W303-1A harboring pYX232-
mtGFP
This study
pep4D pYX232-mtGFP pep4D harboring pYX232-mtGFP This study
por1D pYX232-mtGFP por1D harboring pYX232-mtGFP This study
pep4D por1D pYX232-
mtGFP
pep4D por1D harboring pYX232-
mtGFP
This study
JL1-3D2D3
(aac1/2/3D)
MATa, leu2-3, 112, his3-11,15
ade2-1,
trp1-1, ura3-1, can1-100, aac1::
LEU2, Daac2:: HIS3, Daac3)
[21]
aac1/2/3D pep4D aac1:: LEU2, Daac2:: HIS3, Daac3
pep4:: kanMX4
This study
aac1/2/3D pDP34 aac1/2/3D harboring pDP34 This study
aac1/2/3D pDP34-PEP4 aac1/2/3D harboring pDP34-PEP4 This study
aac1/2/3D pep4D pRS314 aac1/2/3D pep4D harboring
pRS314
This study
aac1/2/3D pep4D pRSop1 aac1/2/3D pep4D harboring
pRSop1
This study
W303-1A pESC W303-1A harboring pESC This study
pep4D pESC pep4D harboring pESC This study
pep4D pESC-PEP4 pep4D harboring pESC-PEP4 This study
pep4D pESC-DPM pep4D harboring pESC-DPM This study
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Flow cytometry assays were performed in an Epics XL™ (Beck-
man Coulter) ﬂow cytometer equipped with an argon-ion laser
emitting a 488-nm beam at 15 mW. Thirty thousand cells per sam-
ple were analyzed. Data were analyzed with WinMDI 2.8 software.
2.7. Statistical analysis
Statistical analysis was performed using GraphPad Prism 5.0
software (GraphPad Software, California, USA) and P-values <0.05
were considered statistically signiﬁcant in all experiments.
3. Results
3.1. The protective role of Pep4p in acetic acid-induced cell death is
independent of the Por1 protein
In order to elucidate the role of Pep4p in the mitochondria-
dependent death pathway, we tested whether the previously de-
scribed increased sensitivity of pep4D mutant cells to acetic acid
and delayed mitochondrial degradation depends on the yeast volt-
age-dependent channel (Por1p), a mitochondrial protein also in-
volved in acetic acid-induced cell death [7]. We therefore
constructed pep4D, por1D and pep4Dpor1D mutants in the W303
background, and assessed acetic acid-induced cell death and ROS
production in these strains. Consistent with previous results
[7,11], deletion of PEP4 or POR1 increased the sensitivity of yeast
cells to acetic acid when compared with wild type cells (Fig. 1A).
This decrease in cell survival was associated with an increase in
loss of plasma membrane integrity (Fig. 1B) and ROS production
(Fig. 1C) in both mutants. In addition, we found that deleting both
PEP4 and POR1 resulted in higher susceptibility to acetic acid than
deleting either gene individually (Fig. 1A), and that this phenotype
was also associated with an increase in loss of plasma membraneintegrity (Fig. 1B) and ROS production (Fig. 1C). These results indi-
cate that the pro-survival roles of Pep4p and Por1p during acetic
acid-induced cell death are independent.
We next investigated whether Por1p is also involved in mito-
chondrial degradation by assessing the loss in mitochondrial mass
of wild type, pep4D, por1D and pep4Dpor1D strains expressing
mtGFP in response to acetic acid by ﬂow cytometry, as previously
described [11]. After 120 min of acetic acid treatment, the pep4D
strain had a higher number of cells exhibiting mtGFP ﬂuorescence
than the wild type strain, while the por1D strain did not (Fig. 2).
This indicates deletion of PEP4 results in a delay in acetic acid-in-
duced mitochondrial degradation, in accordance with our earlier
report, while Por1p does not interfere with mitochondrial degrada-
tion [11]. Consistently, after 120 min of treatment, the pep4Dpor1D
strain presented a percentage of cells exhibiting mtGFP ﬂuores-
cence that was higher than that obtained for wild type and por1D
strains and similar to the pep4D strain (Fig. 2).
3.2. The increased sensitivity of PEP4-disrupted cells to acetic acid
depends on AAC proteins
We previously showed that absence of AAC proteins protects
cells exposed to acetic acid and impairs MOMP and cytochrome c
release [7]. AAC-deﬁcient cells, which are not defective in Pep4p
release, also show a decrease in mitochondrial degradation in re-
sponse to acetic acid [11], suggesting that AAC proteins affect
mitochondrial degradation at a step downstream of Pep4p release.
We therefore also investigated if the observed increased sensitivity
of pep4D cells to acetic acid depended on these proteins, and as a
consequence on MOMP and cytochrome c release. To this effect,
we disrupted PEP4 in an aac1/2/3D strain and assessed acetic
acid-induced cell death and ROS production in both aac1/2/3D
and aac1/2/3Dpep4D mutants. Cell survival of the aac1/2/3Dpep4D
strain in response to acetic acid was similar to that of the aac1/2/3D
strain (Fig. 3A). The increase in the loss of membrane integrity and
ROS production in these two strains was indistinguishable (Fig. 3B
and C), further indicating that the increased sensitivity of pep4D
cells to acetic acid depends on the presence of AAC proteins. We
also assessed the effect of overexpressing Pep4p on acetic acid-in-
duced cell death of the aac1/2/3D strain. We observed that overex-
pression of Pep4p does not alter cell survival and loss of plasma
membrane integrity in the aac1/2/3D background, as these param-
eters were not signiﬁcantly different in the aac1/2/3D pDP34-PEP4
and aac1/2/3D pDP34 strains (Fig. 3D and E). This is in contrast
with our previous results showing an increase in the cell survival
and a decrease in loss of plasma membrane integrity of W303 cells
expressing pDP34-PEP4 exposed to acetic acid, compared with
W303 cells expressing pDP34 [11]. We also transformed aac1/2/
3Dpep4D cells with a mutated form of Aac2p (op1) deﬁcient in
translocation activity, which we had shown reverts the resistance
phenotype of aac1/2/3D cells to acetic acid [7]. As expected,
expression of op1 increased the susceptibility of aac1/2/3Dpep4D
cells to acetic acid (Fig. 4A), associated with an increase in the loss
of plasma membrane integrity and ROS production (Fig. 4B and C).
Taken together, these results further strengthen the idea that AAC
proteins act downstream of Pep4p release in the apoptotic cascade
and conﬁrm that the protective role of Pep4p in acetic acid-in-
duced cell death is critical only when AAC proteins are present,
presumably because MOMP and cytochrome c release are not
impaired.
3.3. The anti-apoptotic role of Pep4p depends on its proteolytic activity
We next investigated whether the protective role of Pep4p in
acetic acid-induced cell death depends on its proteolytic activity.
To this effect, we assessed cell survival in pep4D cells expressing
Fig. 1. pep4Dpor1D have increased susceptibility to acetic acid. W303, pep4D, por1D and pep4Dpor1D strains were incubated with 120 mM acetic acid for up to 200 min. (A)
Cell survival was determined by standard dilution plate counts and expressed as a percentage of c.f.u. in relation to time 0. (B and C) Loss of membrane integrity (B) and ROS
production (C) were determined by ﬂow cytometry using PI (B) and DHE staining (C). Data represent means ± S.D. (n = 3). ⁄P < 0.05, ⁄⁄P < 0.01, ⁄⁄⁄P < 0.001 compared to W303;
#P < 0.05, ##P < 0.01 compared to both pep4D and por1D.
Fig. 2. Por1p does not interfere with mitochondrial degradation. Mitochondrial
degradation was assessed in W303, pep4D, por1D and pep4Dpor1D strains
expressing mitochondrial GFP (pYX232-mtGFP), by measuring the percentage of
cells which displayed loss of mtGFP ﬂuorescence during exposure to 120 mM acetic
acid, for up to 180 min (100% corresponds to the number of GFP positive cells at
time 0). Values are means ± S.D. (n = 3). ⁄P < 0.05, ⁄⁄P < 0.01.
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Pep4p (pESC-DPM) deﬁcient in proteolytic activity, and empty vec-
tor control (pESC) and compared it with that of wild type W303
cells expressing the empty vector. As shown in Fig. 5, expression
of wild type Pep4p (WT-Pep4p) reverted the sensitivity phenotype
of pep4D cells to acetic acid, while the expression of double point
mutant Pep4p (DPM-Pep4p) did not. These results indicate that the
pro-survival role of Pep4p during acetic acid-induced cell death is
dependent on its proteolytic activity.
4. Discussion
Pep4p (yeast CatD) is released from the vacuole during hydro-
gen peroxide- or actin stabilization-induced apoptosis [9,10]. Italso translocates into the cytosol during acetic acid-induced apop-
tosis, and is required for efﬁcient mitochondrial degradation and
for increased cell survival in response to this acid [11]. Indeed,
PEP4-disrupted cells display higher susceptibility to acetic acid
associated with decreased mitochondrial degradation [11]. How-
ever, the precise role of this protease in mitochondrial degradation
and its relation with other events and components of the yeast
apoptotic cascade remain unclear. To gain further insight into this
process, we assessed if the increased sensitivity of PEP4-deleted
mutants to acetic acid was dependent on two mitochondrial pro-
teins involved in acetic acid- induced cell death, Por1p and AAC
proteins. For these assays, we deleted PEP4, POR1 or both in the
W303 strain, as well as PEP4 in the previously described aac1/2/
3D strain, thus obtaining new isogenic mutants to ensure minimal
strain variance. Our results showed, for the ﬁrst time, that the pro-
tective role of Pep4p in acetic acid-induced cell death depends on
the presence of AAC proteins but not of Por1p.
In agreement with our previous reports [7,11], deletion of PEP4
or POR1 decreased the cell survival of yeast cells exposed to acetic
acid, associated with an increase in loss of plasma membrane
integrity, suggesting that absence of Pep4p or Por1p accelerates
apoptosis and secondary necrosis. Under our new experimental
conditions, we could now detect an increase in ROS accumulation
in both pep4D and por1D cells, when compared to the wild type
strain, which was not detected in previous studies [7,11]. More
importantly, absence of both PEP4 and POR1 sensitized cells to ace-
tic acid to a greater extent than either individual mutation, associ-
ated with an increase in the loss of plasma membrane integrity and
in ROS accumulation. Taken together, these observations suggest
that the pro-survival roles of Pep4p and Por1p in acetic acid-in-
duced apoptosis are independent.
Acetic acid-induced yeast apoptosis has also been linked with
mitochondrial degradation [15–17], and we previously showed
that both Pep4p and AAC proteins are involved in this process
Fig. 3. Deletion or overexpression of PEP4 does not alter the resistance of aac1/2/3D cells to acetic acid. (A–C) aac1/2/3D and aac1/2/3Dpep4D strains were incubated with
120 mM acetic acid for up to 200 min. (A) Cell survival was determined by standard dilution plate counts and expressed as a percentage of c.f.u. in relation to time 0. (B and C)
Loss of membrane integrity (B) and ROS production (C) were determined by ﬂow cytometry using PI (B) and DHE staining (C). Data represent means ± S.D. (n = 3). (D and E)
W303 and aac1/2/3D strains transformed with the empty vector (pDP34) or pDP34-PEP4 (expressing WT-Pep4p) were incubated with 120 mM acetic acid for up to 200 min.
(D) Cell survival was determined by standard dilution plate counts and expressed as a percentage of c.f.u. in relation to time 0. (E) Loss of membrane integrity was determined
by ﬂow cytometry using PI staining. Data represent means ± S.D. (n = 3).
Fig. 4. Expression of a mutated form of Aac2p (op1) reverts the resistance phenotype of aac1/2/3Dpep4D cells. aac1/2/3Dpep4D strains transformed with the empty vector
(pRS314) or pRSop1 were incubated with 120 mM acetic acid for 200 min. (A) Cell survival was determined by standard dilution plate counts and expressed as a percentage of
c.f.u. in relation to time 0. (B and C) Loss of membrane integrity (B) and ROS production (C) were determined by ﬂow cytometry using PI (B) and DHE staining (C). Data
represent means ± S.D. (n = 3). ⁄⁄⁄P < 0.001.
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role in mitochondrial degradation, in a Pep4p-dependent or inde-
pendent manner. We found acetic acid-induced mitochondrial
degradation was delayed only in pep4D and pep4Dpor1D cells,
which displayed similar degradation kinetics, indicating that
although involved in acetic acid-induced apoptosis, Por1p does
not play a role in mitochondrial degradation.
We had also previously determined that AAC-deﬁcient cells are
not defective in Pep4p release from the vacuole but still show a de-
crease in mitochondrial degradation in response to acetic acid [11].
Therefore, AAC proteins seem to affect mitochondrial degradation
at a step subsequent to Pep4p release, possibly triggering degrada-
tion through their involvement in mitochondrial permeabilization.
In the present study, we show that the protective role of Pep4p in
acetic acid-induced apoptosis depends on the presence of AACproteins. Deletion of PEP4 in the AAC-deﬁcient strain did not affect
cell viability, loss of membrane integrity and ROS production in re-
sponse to acetic acid, in contrast with the sensitization observed
when it is deleted in a wild type strain. Additionally, in contrast
with our previous studies showing that overexpression of Pep4p
decreased acetic acid-induced death in wild type cells [11], overex-
pression of Pep4p did not affect cell viability and loss of membrane
integrity of AAC-deﬁcient cells. Furthermore, expression of a mu-
tated translocation-deﬁcient form of Aac2p (op1), which reverts
the resistance phenotype of aac1/2/3D [7], also reverted the resis-
tance of the aac1/2/3Dpep4D strain to acetic acid. These results fur-
ther strengthen the idea that AAC proteins act downstream of
Pep4p release in the apoptotic cascade and conﬁrm that the
protective role of Pep4p in acetic acid-induced cell death is critical
only when AAC proteins are present. Though the precise mechanism
Fig. 5. Expression of a Pep4p catalytically inactive mutant does not revert the
sensitivity phenotype of pep4D cells to acetic acid. The W303 strain transformed
with the empty vector (pESC) and pep4D strains transformed with the empty vector
(pESC), pESC-PEP4 (expressing WT-Pep4p) or pESC-DPM (expressing DPM-Pep4p)
were incubated with 120 mM acetic acid for up to 200 min. Cell survival was
determined by standard dilution plate counts and expressed as a percentage of c.f.u.
in relation to time 0. Data represent means ± S.D. (n = 3). ⁄P < 0.05, ⁄⁄P < 0.01,
⁄⁄⁄P < 0.001.
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now determined that it depends on its proteolytic activity. Since
autophagy is not active in cells undergoing acetic acid-induced
apoptosis, vacuolar membrane permeabilization associated with
the release of Pep4p may act as an alternative mitochondrial deg-
radation process [11].
In mammalian cells, when the lysosomal CatD is released into
the cytosol, it often triggers a mitochondrial apoptotic cascade.
Nevertheless, CatD can also have anti-apoptotic effects in some cel-
lular types and speciﬁc contexts. Indeed, it is generally accepted
that CatD is overexpressed and plays an important role in cancer
cells [13]. Therefore, targeting this apoptosis regulator in therapies
for apoptosis deﬁciency-associated diseases, such as cancer, re-
quires detailed elucidation of its mechanisms of action. Mitochon-
drial degradation following apoptosis induction is a common
feature of mammalian cells [18], generally mediated by lysosomes
and usually occurring through an autophagic process that shows
selectivity for mitochondria, termed mitophagy [19]. However, re-
moval of mitochondria is not always dependent on the autophagic
machinery [20], implying the existence of alternative pathways.
In summary, our study shed more light on the role of yeast CatD
in mitochondrial degradation, its dependence on apoptotic mito-
chondrial proteins/events and consequences for cell survival.
Whether human CatD also plays a role in mitochondrial degrada-
tion, which could underlie its anti-apoptotic function, remains to
be determined. Since the accumulation of damaged mitochondria
is associated with different human diseases, a deeper understand-
ing of how mitochondrial degradation is activated and regulated
during apoptosis can uncover novel attractive targets for the devel-
opment of apoptosis-targeted therapies. Thus, elucidating the
mechanisms underlying the involvement of CatD in mitochondrial
degradation and its consequence on cell survival is crucial to devel-
op an appropriate strategy to target this protease.
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